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
$EVWUDFW² $ KLJKO\ HIILFLHQW N: ELGLUHFWLRQDO '&'&
FRQYHUWHU SRZHU VWDJH RSHUDWLQJ IURP D 9 VXSSO\
LPSOHPHQWLQJ 6XSHU-XQFWLRQ 6- 026)(7V LV SUHVHQWHG 6-
026)(7VKDYHORZRQVWDWHUHVLVWDQFHVDQGORZVZLWFKLQJORVVHV
+RZHYHU WKHLU DSSOLFDWLRQ LQ YROWDJHVRXUFH FRQYHUWHUV FDQ EH
FRPSURPLVHGE\WKHUHYHUVHUHFRYHU\EHKDYLRURI WKHLU LQWULQVLF
GLRGHVDQG WKHLUKLJKO\QRQOLQHDURXWSXWFDSDFLWDQFHV$VHULHV
VZLWFKLQJDLG FLUFXLW LV XVHG WR FRQWURO WKH RXWSXW FDSDFLWDQFH
FKDUJLQJFXUUHQW 7KH GHDG WLPHVEHWZHHQ VZLWFKLQJ WUDQVLWLRQV
DUH DVVHVVHG DQG RSWLPL]HG LQ RUGHU WR GHDFWLYDWH WKH LQWULQVLF
GLRGHV 7KH FRPELQDWLRQ RI WKHVH WHFKQLTXHV HQDEOHV YHU\ KLJK
HIILFLHQFLHVWREHDWWDLQHG&DORULPHWULFPHDVXUHPHQWVLQGLFDWHD
IXOOORDG HIILFLHQF\ RI  IRU WKH SURWRW\SH N: '&'&
FRQYHUWHUSRZHUVWDJH$ORVVUHGXFWLRQRIDSSUR[LPDWHO\LV
DFKLHYHG ZLWK WKH SURWRW\SH FRQYHUWHU SRZHU VWDJH ZKHQ
FRPSDUHGWRDQHTXLYDOHQW,*%7EDVHGSRZHUVWDJH/DVWO\DORVV
YVGXW\F\FOHIXQFWLRQLVH[SHULPHQWDOO\GHWHUPLQHGZKLFKFDQEH
XVHGWRLQIRUPWKHGHVLJQRIDPD[LPXPHIILFLHQF\SRLQWWUDFNLQJ
V\VWHP

,QGH[7HUPV²'HDGWLPHFRQWUROLQWULQVLFGLRGHGHDFWLYDWLRQ
PHWDOR[LGHVHPLFRQGXFWRU ILHOGHIIHFW WUDQVLVWRU 026)(7
RXWSXWFDSDFLWDQFHVXSHUMXQFWLRQ

, ,1752'8&7,21
26)(76 DUH UHQRZQHG IRU WKHLU IDVW VZLWFKLQJ VSHHGV
FXUUHQWVKDULQJFDSDELOLW\ZKHQSDUDOOHOHGDQGWKHHDVH
ZLWKZKLFK WKHLUJDWHVFDQEHGULYHQ>@7KHLUDSSOLFDWLRQDW
KLJKYROWDJHVLVOLPLWHGGXHWRWKHH[SRQHQWLDOLQFUHDVHLQRQ
VWDWHUHVLVWDQFHܴ ஽ௌሺ௢௡ሻZLWKEORFNLQJYROWDJHIRUDJLYHQGHYLFH
DUHD 6XSHUMXQFWLRQ 6- 026)(7V >@>@ XVH FROXPQV RIQ
DQG SW\SH GRSLQJ LQ WKH GHYLFH¶V GULIW UHJLRQ WR ORZHU WKHܴ஽ௌሺ௢௡ሻ IRU D JLYHQ EORFNLQJ YROWDJH 7KHVH GHYLFHV DUH
DYDLODEOHZLWKEORFNLQJYROWDJHFDSDELOLWLHVRI9HJ
>@7KHUHDUHKRZHYHU WZRLQKHUHQWSUREOHPVZKLFKKLQGHU

0DQXVFULSWUHFHLYHG$SULODFFHSWHG2FWREHU7KLVZRUN
ZDVVXSSRUWHGE\WKH8.(QJLQHHULQJDQG3K\VLFDO6FLHQFHV5HVHDUFK&RXQFLO
ZZZHSVUFDFXN *UDQW 1R (3, 9HKLFOH (OHFWLFDO 6\VWHPV
,QWHJUDWLRQ9(6,
$ 1 +RSNLQV 3 3UR\QRY % 6WDUN DQG 3 + 0HOORU DUH ZLWK WKH
'HSDUWPHQW RI (OHFWULFDO DQG (OHFWURQLF (QJLQHHULQJ 8QLYHUVLW\ RI %ULVWRO
WKHLUDGRSWLRQLQYROWDJHVRXUFHFRQYHUWHUV96&V7KHILUVWLV
WKDWZKHQWKH026)(7LVRIIUHYHUVHFRQGXFWLRQFDXVHVDKLJK
FRQFHQWUDWLRQRIPLQRULW\FDUULHUVWREHLQMHFWHGLQWRWKHGHYLFH
WKXVLQFUHDVLQJWKHFKDUJHWKDWQHHGVWREHH[WUDFWHGLQRUGHUIRU
WKHGHYLFHWREORFNYROWDJHLQWKHIRUZDUGGLUHFWLRQ7KLVSRRU
UHYHUVH UHFRYHU\ EHKDYLRU RI LWV LQWULQVLF ERG\ GLRGH FDXVHV
DGGLWLRQDOVZLWFKLQJORVV>@7KHVHFRQGLVWKHODUJHDQGKLJKO\
QRQOLQHDU RXWSXW FDSDFLWDQFH ܥ௢௦௦ >@ ZKLFK ZKHQ FRXSOHGZLWK WKH GHYLFH¶V IDVW VZLWFKLQJ SHUIRUPDQFH OHDGV WR KLJKܸ݀Ȁ݀ݐDQG݀݅Ȁ݀ݐ WUDQVLHQWV7KHVHWUDQVLHQWVFDXVHH[FHVVLYH
VWUHVV WR WKH VZLWFKLQJ GHYLFHV DQG FRXOG FDXVH SUHPDWXUH
GHYLFH IDLOXUH >@ $W KLJKHU YROWDJHV WKH SRZHU GLVVLSDWLRQ
LQFXUUHGGXHWRVXSSO\LQJWKHFKDUJHGUDZQE\ܥ௢௦௦ LVRQHRIWKHPRVWVLJQLILFDQWORVVPHFKDQLVPVLQ96&V)RUWKLVUHDVRQ
,*%7V ZLWK ORZHU RXWSXW FDSDFLWDQFHV DQG ZLWKRXW LQWULQVLF
GLRGHV WKDW ZRXOG SDVV KLJK UHYHUVH UHFRYHU\ FKDUJH DUH
WUDGLWLRQDOO\IDYRUHGLQ96&VEH\RQG9
,Q PDLQVYROWDJH DSSOLFDWLRQV ZKHUH FRQYHUWHU HIILFLHQF\
DQGSRZHUGHQVLW\DUHWKHFULWLFDOGHVLJQFULWHULDZLGHEDQGJDS
:%* VHPLFRQGXFWRU GHYLFHV DQG 6- 026)(7V DUH EHLQJ
LQYHVWLJDWHGDVDOWHUQDWLYHVWRWKH,*%7>@2QWKHRQHKDQG
:%*GHYLFHVGUDZDQHJOLJLEOHUHYHUVH UHFRYHU\FXUUHQWDQG
KDYHDORZHUܥ௢௦௦IRUWKHVDPHFXUUHQWUDWLQJ>@7KHVHGHYLFHVVWLOO FRVW VLJQLILFDQWO\ PRUH WKDQ 6- 026)(7V DQG RWKHU
SUREOHPVQHHG WREH DGGUHVVHG VXFKDV WKH ORZJDWHYROWDJH
PDUJLQRI*D1)(7VRUWKHOLIHGHJUDGDWLRQRIJDWHR[LGHVLQ
6L& 026)(7V >@ (VWDEOLVKHG 6- GHYLFHV UHPDLQ DWWUDFWLYH
DOWHUQDWLYHVWR,*%7VDQGZLGHEDQGJDSGHYLFHVSURYLGHGWKHLU
SRRU VZLWFKLQJEHKDYLRU DWKLJKHUYROWDJHVFDQ EH DGGUHVVHG
7KH LQWULQVLF GLRGH FDQ EH GHDFWLYDWHG >@>@ WR UHGXFH
UHYHUVH UHFRYHU\ ORVV RU WKH GHYLFHV WKHPVHOYHV QHHG WR EH
PRGLILHGWRLPSURYHUHYHUVHUHFRYHU\>@
7RHQVXUHWKDWWKHLQWULQVLFGLRGHUHPDLQVLQDFWLYHLQD96&
SKDVHOHJWKHUHYHUVHFRQGXFWLQJ6-026)(7LVLGHDOO\NHSW
%ULVWRO 8. HPDLO $QGUHZ+RSNLQV#EULVWRODFXN
SSUR\QRY#EULVWRODFXN EHUQDUGVWDUN#EULVWRODFXN
SKPHOORU#EULVWRODFXN
10F1HLOOLVZLWKWKH'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ
8QLYHUVLW\RI6WUDWKFO\GH*ODVJRZ8.HPDLOQHYLOOHPFQHLOO#VWUDWKDFXN
$FKLHYLQJ(IILFLHQFLHV([FHHGLQJLQD6XSHU
-XQFWLRQN:'&'&&RQYHUWHU3RZHU6WDJH
7KURXJKWKH8VHRIDQ(QHUJ\5HFRYHU\6QXEEHU
DQG'HDG7LPH2SWLPL]DWLRQ
$QGUHZ+RSNLQV0HPEHU,(((3ODPHQ3UR\QRY1HYLOOH0F1HLOO%HUQDUG6WDUNDQG3KLO0HOORU
0HPEHU,(((
0
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RQ XQWLO LWV FXUUHQW GURSV WR ]HUR ZKHQ WKH FRPSOHPHQWDU\
GHYLFHLVWXUQHGRQ2QFHWXUQHGRIIWKHGHYLFHFDQWKHUHIRUH
UHWXUQ WR LWV EORFNLQJ VWDWHZLWKRXW WKH SUHVHQFH RI PLQRULW\
FDUULHUV7KLVUHTXLUHVFDUHWRDYRLGVKRRWWKURXJKZKHUHERWK
026)(7VFRQGXFWDQGDSUHFLVHFRRUGLQDWLRQRIWKHDFWLYDWLRQ
RIWKHKLJKDQG ORZVLGHGULYHUVZRXOGEHQHHGHG3UHGLFWLYH
DQG DGDSWLYH JDWH GULYLQJ KDV EHHQ UHSRUWHG IRU DXWRPRWLYH
DSSOLFDWLRQVDWYROWDJHVLQWKH99UDQJHXVLQJ9>@
DQG9>@GHYLFHVZKHUHDQRSWLPDOJDWHVLJQDORYHUODSLV
IRXQGZKLFKPLQLPL]HVWKHVXPRI UHYHUVH UHFRYHU\ORVVDQG
VKRRWWKURXJK ORVV ,Q WKLV PDQQHU WKH SRLQW RI PD[LPXP
FRQYHUVLRQ HIILFLHQF\ FDQ EH IRXQG :KLOVW 0(37 FDQ
PLQLPL]HGLRGHUHFRYHU\FKDUJHLWFDQQRWHOLPLQDWHWKHFKDUJH
ZKLFK PXVW EH VXSSOLHG LQWR D GHYLFHV¶ ܥ௢௦௦ 7KHUHIRUH DWKLJKHU YROWDJHV QR VXFK PD[LPXP HIILFLHQF\ SRLQW WUDFNLQJ
0(37 VFKHPHV KDYH EHHQ UHSRUWHG  6SOLWLQGXFWRU
WHFKQLTXHVDUHUHSRUWHGLQ>@DQG>@WRDGGUHVVWKHLQWULQVLF
GLRGHUHFRYHU\LQ9VXSHUMXQFWLRQFLUFXLWVDWWKHH[SHQVH
RI DGGLQJ PDJQHWLF FRPSRQHQW YROXPH 8VLQJ WKH VSOLW
LQGXFWRUWHFKQLTXHD'&$&RU$&'&FRQYHUWHULVHVVHQWLDOO\
IRUPHG E\ FRPELQLQJ WZR VLQJOHHQGHG FRQYHUWHUV VXFK WKDW
HDFK FRQYHUWHU PDQDJHV WKH LQSXW RU RXWSXW FXUUHQW GXULQJ
DOWHUQDWH$&EDVHIUHTXHQF\KDOIF\FOHV,QWKLVZD\WKHSRZHU
GHYLFHVKDYHWRDFWHLWKHUDVKLJKIUHTXHQF\IRUZDUGVZLWFKHV
RUKLJKIUHTXHQF\UHFWLILHUVEXWQRWERWK+RZHYHUFKDOOHQJHV
DUH WKDW IRXUTXDGUDQW RSHUDWLRQ UHTXLUHV PRUH FRPSOH[LW\
PDJQHWLF FRPSRQHQW FKRNH XWLOL]DWLRQ LV SRRU DQG WKDW
FXUUHQWZDYHIRUPGLVWRUWLRQLV LQFXUUHGZKHQ WKHFKDQJHRYHU
EHWZHHQKDOIF\FOHVRFFXUV
7KLVSDSHUSUHVHQWVDWKHRUHWLFDODQDO\VLVDQGH[SHULPHQWDO
YHULILFDWLRQ RI D PHWKRG IRU PD[LPL]LQJ SRZHU VWDJH
FRQYHUVLRQ HIILFLHQF\ E\ GHDG WLPH RSWLPL]DWLRQ IRU D N:
'&'& ELGLUHFWLRQDO FRQYHUWHU IRU DXWRPRWLYH DSSOLFDWLRQV
XVLQJ 9 6- 026)(7V 7KH FLUFXLW XVHV DQ LQGXFWLYH
VZLWFKLQJDLGFLUFXLW>@ZLWKHQHUJ\UHFRYHU\WRIDFLOLWDWHWKH
RSWLPDO GHDG WLPH HVWLPDWLRQ DYRLG GHVWUXFWLYH ܸ݀Ȁ݀ݐ DQG݀݅Ȁ݀ݐ WUDQVLHQWV DQG VLJQLILFDQWO\ UHGXFHܥ௢௦௦ FKDUJLQJ ORVV7KLVUHVXOWVLQDFRQYHUWHUSRZHUVWDJHH[FOXGLQJWKHLQSXWDQG
RXWSXWILOWHUFRPSRQHQWVDQGJDWHGULYHUVZLWKIXOOORDG
HIILFLHQF\DVPHDVXUHGE\FDORULPHWU\
,, 0$;,0,=,1*6:,7&+,1*()),&,(1&<86,1*$1(1(5*<
5(&29(5<,1'8&7,9(618%%(5
$ (QHUJ\5HFRYHU\6QXEEHU
7KH LQGXFWLYH VQXEEHU >@ XVHG KHUH LV D VZLWFKLQJDLG
FLUFXLWWKDWWUDQVIHUVHQHUJ\LQFXUUHGE\VRXUFLQJWKHLQWULQVLF
GLRGHUHFRYHU\DQGܥ௢௦௦FKDUJHVGUDZQE\WKHIUHHZKHHOLQJ6-026)(7LQWRDUHFRYHU\FLUFXLWWKDWUHWXUQVWKHHQHUJ\WRWKH
'&UDLO7KHSULQFLSOHLVVKRZQLQ)LJWKHLQGXFWDQFHܮ௦RIWKHFRXSOHGLQGXFWRUSULPDU\ZLQGLQJLVORFDWHGLQWKHSDWKRI
WKH GLRGH UHYHUVH UHFRYHU\ ܳ௥௥  DQG RXWSXW FDSDFLWDQFH ܳ௢௦௦FKDUJHIORZ $ VZLWFKHGPRGH SRZHU VXSSO\ 6036
FRQQHFWHG WR D VHFRQGDU\ ZLQGLQJ FDQ EH XVHG WR UHWXUQ WKH
HQHUJ\VWRUHGLQWKHVQXEEHULQGXFWRUEDFNLQWRWKHVXSSO\UDLO
>@
)LJ(QHUJ\UHFRYHU\LQGXFWLYHVQXEEHUFRQILJXUDWLRQ
7KH FLUFXLW RSHUDWHV DV IROORZV 6WDUWLQJ ZLWK WKH FRQWURO
GHYLFH6RIIWKHV\QFKURQRXVGHYLFH656RQDQGUHYHUVH
FRQGXFWLQJ WKH FXUUHQW ܫௌோ LV IUHHZKHHOLQJ LQ WKH GLUHFWLRQLQGLFDWHG LQ)LJ  2Q LQLWLDWLRQRI WKH 6 WXUQRQVZLWFKLQJ
DFWLRQ6LVOHIWRQDVORQJDVSRVVLEOHWRDYRLGFXUUHQWWUDQVIHU
LQWRWKHERG\GLRGHLQ6DQGWKXVWRPLQLPL]HWKHEXLOGXSRI
PLQRULW\FDUULHUV8SRQ WXUQRQRI6 WKHHQHUJ\QHHGHG IRU
DQ\UHYHUVHUHFRYHU\RIWKHERG\GLRGHDQGWRFKDUJHWKHRXWSXW
FDSDFLWDQFHRI6LVWUDQVIHUUHGIURPWKH'&OLQNWR6YLDWKH
SULPDU\ZLQGLQJRIWKHLQGXFWRU7KHSUHVHQFHRIWKHLQGXFWRU
ORZHUVDQGEURDGHQVWKHFXUUHQWVXUJHPLQLPL]LQJ WKH ORVVHV
DVVRFLDWHGZLWKWKHFKDUJHWUDQVIHU$WWKHHQGRIWKHVZLWFKLQJ
WUDQVLHQWWKHVWRUHGHQHUJ\LQWKHLQGXFWDQFHLVWUDQVIHUUHGYLD
WKHVHFRQGDU\ZLQGLQJܰ ௌWRWKHLQSXWRIWKH6036DQGUHWXUQHGLQWRWKH'&OLQN7RDYRLGUHYHUVHUHFRYHU\RIWKH6LQWULQVLF
GLRGH WKH WXUQRIIRI WKH 6026)(7QHHGV WREHSUHFLVHO\
FRQWUROOHG,QFOXVLRQRIWKHVQXEEHULQGXFWDQFHLVEHQHILFLDODV
LW VORZVGRZQWKHFRPPXWDWLRQSURFHVVDQG WKXV UHGXFHVWKH
GHPDQGVRQWKHDFFXUDF\RIWKLVWLPLQJ)XUWKHUPRUHWKHUHVHW
SRZHU WUDQVIHUUHG YLD ௌܰ SURYLGHV D PHDVXUH RI VZLWFKLQJDVVRFLDWHGORVVLHWKHORVVDVVRFLDWHGZLWKPDQDJLQJWKHIORZ
RIFKDUJHLQWRWKHSRZHUGHYLFHDFWLQJDVWKHUHFWLILHUDQGWKH
RQVHWRIVKRRWWKURXJKRQDF\FOHE\F\FOHEDVLVWKXVSURYLGLQJ
DVLJQDOWKDWFDQEHXVHGWRRSWLPL]HWKHUHODWLYHWLPLQJVRIWKH
JDWHVLJQDOVIRU0(37
7KH DGGHG LQGXFWDQFH DOVR DFWV WR UHGXFH WKH VZLWFKLQJ
YROWDJHWUDQVLHQW݀ ܸȀ݀ݐDQGWKHFRQVHTXHQWULQJLQJDQGYROWDJH
VWUHVVHV5HIHUULQJWR)LJD6-026)(7FDQEHPRGHOOHGDV
DQLGHDOWUDQVLVWRUZLWKDQDQWLSDUDOOHOGLRGHDQGDQRQOLQHDU
RXWSXWFDSDFLWDQFHܥ௢௦௦ሺ ஽ܸௌሻWKDWLVDVWURQJIXQFWLRQRIGHYLFHYROWDJH ஽ܸௌ 7KHUHIRUH WKH FKDUJH DJDLQVW YROWDJH IXQFWLRQܳ௢௦௦ሺ ஽ܸௌሻLVDOVRKLJKO\QRQOLQHDU)LJE7KHDUHDDERYHWKH49 FXUYH LQ)LJE UHSUHVHQWV WKH026)(7¶V VHOIGLVFKDUJH
HQHUJ\ZKLFKODUJHO\GHWHUPLQHVVZLWFKLQJORVVLQVLQJOHHQGHG
DSSOLFDWLRQV 2Q WKH RWKHU KDQG WKH DUHD XQGHU WKH FXUYH
UHSUHVHQWV WKH DVVRFLDWHG FRHQHUJ\ 7KLV LV PXFK ODUJHU DQG
GHWHUPLQHVWKHSRZHUWKDWZRXOGEHGLVVLSDWHGLQWKHLQFRPLQJ
VZLWFK LQ D KDUGVZLWFKHG 96& EULGJHOHJ LQ WKH FRXUVH RI
FKDUJLQJ&RVV
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D(TXLYDOHQWFDSDFLWDQFHPRGHO  E&KDUJHYHUVXVYROWDJHUHODWLRQVKLS
)LJ7.-:>@6-026)(7¶VRXWSXWFKDUDFWHULVWLFV
'XULQJ WKH VZLWFKLQJ WUDQVLHQW WKH VKDUS NQHH LQ WKHܳ௢௦௦ሺ ஽ܸௌሻ FKDUDFWHULVWLF FDXVHV WKH YROWDJH DFURVV 6 WR ULVHUDSLGO\ DIWHU WKH EXON RI ܳ௢௦௦ KDV EHHQ VXSSOLHG FDXVLQJXQZDQWHG YROWDJH VWUHVVHV LQ WKH FLUFXLW 7KH LQWURGXFWLRQ RI
LQGXFWDQFHLQWKHSDWKYLDZKLFKܳ ௢௦௦LVVXSSOLHGVXSSUHVVHVWKLVE\OLPLWLQJWKHSHDNFXUUHQWIORZLQJLQWRܥ௢௦௦:LWKWKLVSHDNFXUUHQWWKXVOLPLWHGWKHܸ݀Ȁ݀ݐLQWKHORZFDSDFLWDQFHUHJLRQ
DERYHWKHNQHHSRLQWLVFRQVHTXHQWO\UHGXFHG
% (IIHFWRI*DWH6LJQDO8QGHUODS2YHUODSRQ(QHUJ\
5HFRYHU\
7KHSRLQWDWZKLFKWKH6026)(7FKDQQHOWXUQVRIIKDVD
VLJQLILFDQW HIIHFW RQ WKH SHDN FXUUHQW VRXUFHG LQWR LW DW
FRPPXWDWLRQ7KHSHDNFRPPXWDWLRQFXUUHQWܫ௣௞GHWHUPLQHV
WKHVWUHVVHVSODFHGXSRQWKHFRQWURO026)(7DQGWKHSRZHUܹ 
WKDWLVWUDQVIHUUHGLQWRWKHVQXEEHULQGXFWRU
,Q ோܸ஺ூ௅ LVWKHVXSSO\YROWDJHܳ௧LVWKHDJJUHJDWHRIDQ\LQWULQVLFGLRGHUHYHUVHUHFRYHU\ܳ௥௥ DQGܳ௢௦௦FKDUJHZLWKLQ6DQG݂LVWKHVZLWFKLQJIUHTXHQF\$UHFWDQJXODUDSSUR[LPDWLRQ
FDQ EH DVVXPHG GXH WR WKH KLJK QRQOLQHDULW\ RI WKH RXWSXW
FDSDFLWDQFH  >@ $V 6 LV FRPPXWDWHG RII WKH ERG\ GLRGH
UHYHUVH UHFRYHU\ FKDUJH LV VXSSOLHG ILUVW DQG ܳ௢௦௦ LV WKHQVXSSOLHGDVWKHVZLWFKYROWDJH9'6ULVHV
)LJ LOOXVWUDWHV WKH FRPPXWDWLRQ FXUUHQW ZDYHIRUPV
UHVXOWLQJIURPGLIIHUHQWWLPLQJVRIJDWLQJWKH6026)(7RII
,Q )LJD WKH 026)(7 LV LQDFWLYH GXULQJ WKH VZLWFKLQJ
WUDQVLHQWDQGDVDUHVXOWWKHLQWULQVLFGLRGHFRQGXFWVWKHIXOOORDG
FXUUHQW 7KH IXOO UHYHUVH UHFRYHU\ FKDUJH PXVW EH VXSSOLHG
DORQJZLWKWKDWUHTXLUHGWRFKDUJHWKHRXWSXWFDSDFLWDQFHܳ௢௦௦)LJEVKRZVWKHFDVHZKHUHDVPDOORYHUODSRFFXUVLQWKH65
026)(7 VZLWFKLQJ 7KH FKDUJH WUDQVIHUUHG WR WKH LQWULQVLF
GLRGHLVQRZUHGXFHGDQGWKHFRQVHTXHQWWRWDOUHYHUVHUHFRYHU\
FKDUJH LV GHFUHDVHG OHDGLQJ WR D UHGXFWLRQ LQ WKH SHDN
FRPPXWDWLRQFXUUHQWܫ௣௞
7KHYDULDWLRQLQGLRGHUHYHUVHUHFRYHU\FKDUJHZLWKIRUZDUG
FXUUHQWLVW\SLFDOO\DSSUR[LPDWHGDVDOLQHDUUHODWLRQVKLS
 ܳ௥௥ ൌ ݇௥௥ܫி  
ZKHUHWKHJUDGLHQW݇௥௥ FDQEHIRXQGIURPDOLQHDULQWHUSRODWLRQRI WKH ܳ௥௥  YHUVXV ܫி  FKDUDFWHULVWLF LQ WKH GHYLFH GDWDVKHHW+RZHYHU LQ WKH FDVH RI D 026)(7 WKH UHYHUVH UHFRYHU\
FKDUJH PHDVXUHPHQW ܳ௧ VXSSOLHG LQ WKH GDWDVKHHWV LVHIIHFWLYHO\WKHFRPELQHGYDOXHVRIܳ௢௦௦DQGܳ௥௥ >@WKXV
 ܳ௧ ൌ ܳ௢௦௦ ൅ ݇௥௥ሺଶሻܫௌோ  
ZKHUH ݇௥௥ሺଶሻ LV D PRGLILHG FRHIILFLHQW WR DFFRXQW IRU WKH
SUHVHQFHRIܳ௢௦௦1HJOHFWLQJWKHVPDOORQVWDWHGHYLFHYROWDJHGURSLQWKHGHYLFHVWKHUDWHRIFKDQJHRIFXUUHQWLVGHWHUPLQHG
E\WKHLQGXFWDQFHRIܮௌDQGWKHVXSSO\YROWDJH
 ݀ܫ݀ݐ ൌ െ ோܸ஺ூ௅Ȁܮ௦ 
1RZܫௌோLVJLYHQE\
 ܫௌோ ൌ ோܸ஺ூ௅ݐ௨ܮ௦  
3XWWLQJWKHUHVXOWIURPLQWRJLYHV
 ܳ௧ ൌ ܳ௢௦௦ ൅ ோܸ஺ூ௅ݐ௨ܮ௦ ݇௥௥ሺଶሻ 
,I6LVWXUQHGRIIDIWHUܫௌோKDVVWDUWHGWRIDOOܳ ௧LVSDVVHGGXULQJWKHLQWHUYDOݐ௥௘௖IURPܫௌோ WRܫௌோ ܫ௣௞ VXFKWKDW
 D1RRYHUODS6JDWHGRIIZLWKRUEHIRUH6IXOOORDGFXUUHQWWUDQVIHUUHG
LQWRGLRGH E,QVXIILFLHQWRYHUODS6JDWHGRIIHDUO\DOORZLQJSDUWLDOORDGFXUUHQWWUDQVIHULQWRGLRGH
 F2SWLPDORYHUODSWLPLQJ6JDWHGRIIDW]HURFXUUHQW G6JDWHGRIIODWH
)LJ,OOXVWUDWLYHܫௌோZDYHIRUP]RRPVRIWKH6RQ6RIIVZLWFKLQJWUDQVLWLRQIRUIRXUGLIIHUHQWVZLWFKLQJVFHQDULRVDG>@
 ܹ ൌ ோܸ஺ூ௅ܳ௧݂ 
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 ܳ௧ ൌ ܫ௣௞ݐ௥௘௖ ?  ݐ௥௘௖ LVJLYHQE\
 ݐ௥௘௖ ൌ ܮ௦ܫ௣௞ோܸ஺ூ௅  
3XWWLQJWKHUHVXOWIURPLQWR\LHOGV
 ܳ௧ ൌ ܮ௦ܫ௣௞ଶ ?ܸ ோ஺ூ௅ 
(TXDWLQJDQGDQGVROYLQJIRUܫ௣௞ \LHOGV
 ܫ௣௞ ൌ ඨ ?ܸ ோ஺ூ௅ܳ௢௦௦ܮ௦ ൅  ?ܸ ோ஺ூ௅ଶݐ௨݇௥௥ሺଶሻܮ௦ଶ  
7KHSHDNFRPPXWDWLRQFXUUHQWZLOOEHDPLQLPXPDQGWKH
FLUFXLWRSHUDWLRQ LV DW LWVPRVWHIILFLHQWRSHUDWLQJSRLQWZKHQ
WKHUHLVQRUHYHUVHUHFRYHU\FKDUJHDVVRFLDWHGZLWKWKHGLRGH
)LJFLOOXVWUDWHVWKLVRSWLPXPSRLQWDWܫௌோ $2QO\WKHܳ௢௦௦ RI WKHGHYLFH PXVW EH VXSSOLHG DV WKH LQWULQVLF GLRGH LVGHDFWLYDWHG
6KRXOG 6 WXUQ RII EH\RQG WKH RSWLPDO SRLQW )LJG DQ
H[FHVVQHJDWLYHFXUUHQWZLOOEHEXLOWXSEHIRUHWKHܳ௢௦௦FKDUJHLV WUDQVIHUUHG ,Q WKLV FDVH WKH UHVXOWDQW LQFUHDVHG SHDN
FRPPXWDWLRQFXUUHQWLV
 ܫ௣௞ ൌ ඨ ?ܸ ோ஺ூ௅ܳ௢௦௦ܮ௦ ൅ ோܸ஺ூ௅ଶݐ௢ଶܮ௦ଶ ǡ 
ZKHUHWRLVWKHRYHUUXQEH\RQGWKHRSWLPDORYHUODSWLPH
& 3UHGLFWHG5HVHW(QHUJ\
)LJVKRZVWKHRSWLPXPVZLWFKLQJVFHQDULRZKHUHܫ௣௞ LVDW
LWVPLQLPXP7KHRSWLPXPJDWHVZLWFKLQJRI6VKRXOGUHVXOW
LQRYHUODSWLPHGHWHUPLQHGIURP
 ݐ௢௣௧ ?௢௩௘௥௟௔௣ ൌ ܮ௦ܫ௅௢௔ௗோܸ஺ூ௅  
'HYLDWLRQVIURPWKHRSWLPDOWLPLQJZLOOUHVXOWLQDGGLWLRQDO
ORVVGXHWRWKHLQFUHDVHLQܫ௣௞7KHWRWDOHQHUJ\WUDQVIHULQWRWKH
VQXEEHU LQGXFWDQFH RYHU D VZLWFKLQJ F\FOH ZLOO EH WKH
FRPELQDWLRQRIWKHFRPPXWDWLRQHQHUJ\RI6DQGWKHHQHUJ\
WUDQVIHUUHGWKURXJKܮௌLQHVWDEOLVKLQJWKHORDGFXUUHQWZLWKLQ6DW WXUQRII RI 6 $W VWHDG\ VWDWH WKH SRZHU WUDQVIHU LQWR WKH
VQXEEHULQGXFWDQFHFDQEHFDOFXODWHGXVLQJZLWKܫ௣௞ IRXQG
XVLQJHLWKHURU
 ்ܹ ൌ ݂ܮ௦ ൫ܫ௣௞ଶ ൅ ܫ௅ை஺஽ଶ ൯ ?  
)LJ0LQLPXPHQHUJ\VZLWFKLQJVKRZLQJWKHRSWLPXPRYHUODSWLPH
,,, 32:(5&,5&8,75<$1'35(',&7('5(68/76
$ VFKHPDWLF RI WKH H[SHULPHQWDO FRQYHUWHU SRZHU VWDJH LV
VKRZQLQ)LJDQGDSKRWRJUDSKRIWKHSURWRW\SHLVVKRZQLQ
)LJ 7KH FLUFXLWU\ RSHUDWHV ZLWKRXW IRUFHG FRROLQJ
&RPSRQHQWGHWDLOVDUHOLVWHGLQ7DEOH,7KHGHVLJQZDVIRUDQ
LQSXWYROWDJHUDQJHEHWZHHQ9DQGDFRQWLQXRXVRXWSXW
XSWR$DQGN:7KHRXWSXWFXUUHQWZDVFRQWUROOHGE\D
YDULDEOHGXW\SXOVHZLGWKPRGXODWLRQZLWKLQWHJUDWHGGHDGWLPH
DGMXVWPHQW7KHVZLWFKLQJIUHTXHQF\ZDVVHWWRN+]
7KH GHYLFH VHOHFWLRQ ZDV RSWLPL]HG LQ RUGHU WR FKRRVH D
VXLWDEOH6-026)(7WUDGLQJRIIEHWZHHQFRQGXFWLRQሺܴ஽ௌሺ௢௡ሻሻ
DQG VZLWFKLQJ ሺܥ௢௦௦ሻ ORVV FKDUDFWHULVWLFV XVLQJ WKH ILJXUH RIPHULW RXWOLQHG LQ >@ $ UDQJH RI GHYLFHV IURP GLIIHUHQW
PDQXIDFWXUHUV DQG QXPEHUV RI GHYLFHV LQ SDUDOOHO ZHUH
DQDO\]HG WR GHWHUPLQH WKH RSWLPXP FRPELQDWLRQ ZKLFK ZLOO
DFKLHYHWKHOHDVWORVVHVIRUDQDSSURSULDWHSULFH7KHVHOHFWHG
6- 026)(7 7RVKLED 7.-: KDV DQ ܴ஽ௌሺ௢௡ሻ RI Pȍ
DQG WKUHH GHYLFHV ZHUH FRQQHFWHG LQ SDUDOOHO WR IRUP HDFK
VZLWFK6DQG6UHVSHFWLYHO\ LQ)LJ7KHVHVL[SRZHU
GHYLFHVDUHVKRZQPRXQWHGRQ WKHKHDWVLQN LQ)LJ
DQGVHULHVJDWHUHVLVWRUVZHUHXVHGIRUWKHFRQWURODQG65
GHYLFHVUHVSHFWLYHO\LQRUGHUWRDFKLHYHVXLWDEOHVZLWFKLQJULVH
DQGIDOOWLPHV
7KH GHYLFH RXWSXW FDSDFLWDQFH FKDUJH YHUVXV YROWDJH
FKDUDFWHULVWLFV49FXUYHVZHUHIRXQGIURPWKHPDQXIDFWXUHUV¶
VXSSOLHGFDSDFLWDQFHGDWD>@$ܳ௢௦௦RIȝ&LVH[SHFWHGDW9RSHUDWLRQIRUWKHWKUHHGHYLFHVLQSDUDOOHOIRUPLQJHDFK
VZLWFK)XUWKHUPRUHWKHGHYLFHGDWDVKHHWVKRZVDWRWDOUHYHUVH
FKDUJH RI ȝ& DW D FXUUHQW RI $ LQ WKH LQWULQVLF GLRGH
$FFRXQWLQJ IRU WKH LQFOXVLRQ RI ܳ௢௦௦ LQ WKH FKDUJHPHDVXUHPHQWWKHUHYHUVHUHFRYHU\FRHIILFLHQW݇௥௥ሺଶሻJLYHQLQ
LVHVWLPDWHGDVQV
)LJ$VFKHPDWLFGLDJUDPRIWKHH[SHULPHQWDOFRQYHUWHUSRZHUVWDJH
VKRZLQJVQXEEHUDQGRYHUYROWDJHFODPSV&RPSRQHQWYDOXHVDUHJLYHQLQ
7DEOH,
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)LJ3KRWRJUDSKRIH[SHULPHQWDOFLUFXLWU\1RIRUFHGFRROLQJLVDSSOLHG
7$%/(,&,5&8,7&20321(17'$7$
6 7RVKLED7.-:026)(7
/
ȝ+0LFURPHWDOV7FRUH0DLQZLQGLQJWXUQVRI
VWUDQGVRI/LW]HQDPHOOHGPPGLD&XZLUH5HVHW
ZLQGLQJWXUQVRIDVLQJOHVWUDQGHGHQDPHOOHGPPGLD&X
ZLUH
5 )RXUȍUHVLVWRUVLQVHULHV
55 7ZRNȍ:UHVLVWRUVFRQQHFWHGLQSDUDOOHO
55 ȍ:UHVLVWRUV
& Q)'(%%$.$%
& ȝ)5'&=-
& Q)'(%%$.$%
&& S)
& S)N9
& 7KUHH)%7&LQSDUDOOHO
' &'(
' 6&6$0&
' &'$
7KH VQXEEHU LQGXFWRU ܮௌ DQG UHVHW FLUFXLWU\ DUH VKRZQ LQ)LJ VLWXDWHG LQ IURQW RI WKH 026)(7V ܮௌZDV FRQVWUXFWHGIURPD0LFURPHWDOV7WRURLGDOFRUH>@7KHPDLQDQG
UHVHWZLQGLQJVKDGHDFKWXUQVJLYLQJDPHDVXUHGLQGXFWDQFH
RIȝ+7KHSHDN$&IOX[GHQVLW\H[FXUVLRQLQWKHLQGXFWRU
FRUHZDVFDOFXODWHGWREHP70XOWLVWUDQGHG/LW]ZLUHZDV
XVHGIRUWKHPDLQZLQGLQJWRPLWLJDWHVNLQHIIHFWORVVHVDQGWKH
UHVHW ZLQGLQJ ZDV LQWHUOHDYHG ZLWK WKH PDLQ ZLQGLQJ WR
PLQLPL]HOHDNDJHLQGXFWDQFHV>@)RUVLPSOLFLW\DQGHDVHRI
PHDVXUHPHQWWKHHQHUJ\ UHFRYHUHG WKURXJK WKH UHVHWZLQGLQJ
ZDV LQLWLDOO\ GLVVLSDWHG LQ D IL[HG UHVLVWRU ܴ ? $ IRXUZLUH
PHDVXUHPHQW RI WKLV UHVLVWDQFH JDYH ȍ ܴ ? LV UHPRWHO\
PRXQWHGRQWRDVHSDUDWHKHDWVLQNLQRUGHUWRLVRODWHDQ\WKHUPDO
HIIHFWRIWKHGXPSORVVHVRQWKHPDLQVZLWFKLQJGHYLFHV7KH
SRZHUGLVVLSDWHGLQܴ ?ZDVODWHUUHWXUQHGWRWKHVXSSO\YLDDQ
6036DVGHVFULEHGLQ>@)LJVKRZVDQRXWOLQHGLDJUDPDQG
D SKRWRJUDSK RI WKH VLPSOH IO\EDFN 6036 WKDW ZDV
LPSOHPHQWHG WR DFKLHYH UHFRYHU\ RI WKH VZLWFKLQJDVVRFLDWHG
ORVVHV 7KH FLUFXLW RSHUDWHV XQGHU LQSXW YROWDJH FRQWURO WR
PDLQWDLQ9UHVHWFRQVWDQW$KLJKHIILFLHQF\6036KDVDOVREHHQ
UHSRUWHGLQ>@RSHUDWLQJDWVLPLODULQSXWDQGRXWSXWYROWDJHV
$QRYHUYROWDJHDSSHDUVDFURVVWKHRIIJRLQJSRZHUVZLWFKHV
ZKHQ WKH VWRUHG HQHUJ\ LQ WKH VQXEEHU LQGXFWRU LV UHVHW
$VVXPLQJ LGHDO FRXSOLQJ RI WKH LQGXFWRU UHVHW ZLQGLQJ WKLV
RYHUYROWDJH ௢ܸ௦LVJLYHQE\
 ௢ܸ௦ ൌ ܰܰ௦ ௥ܸ௘௦௘௧ ǡ 
ZKHUH ௥ܸ௘௦௘௧LVWKHRSHUDWLQJYROWDJHRIWKHUHVHWFLUFXLW,Q
)LJ7RS2XWOLQHGLDJUDPRIVLPSOHIO\EDFN6036XVHGIRUHQHUJ\
UHFRYHU\%RWWRP3KRWRJUDSKRIWKHGHPRQVWUDWRUHQHUJ\UHFRYHU\6036
SUDFWLFHWKHFRXSOLQJZLOOQRWEHSHUIHFWPDQLIHVWLQJDVDVHULHV
OHDNDJHLQGXFWDQFH$GGLWLRQDOFLUFXLWU\IRUPHGZLWK55
&&'DQG'ZDVLQFOXGHGLQWKHWHVWFLUFXLWWRGLVVLSDWH
WKH OHDNDJH HQHUJ\ DQG FODPS WKH FRQVHTXHQW RYHUYROWDJHV
)XUWKHUFRPSRQHQWV5&5&DQG&ZHUHLQFOXGHGWR
VXSSUHVVKLJKIUHTXHQF\RVFLOODWLRQVREVHUYHGDWWKHGUDLQRIWKH
SDUDOOHOFRQQHFWHG026)(7V66DQGDFWHGWRLPSURYHWKH
TXDOLW\RIWKHSUHVHQWHGPHDVXUHGZDYHIRUPWUDFHVDVZHOODV
ORZHULQJDQ\DVVRFLDWHG(0,
7KHWHVWFLUFXLWLQLWLDOO\XVHGDUHVLVWRUܴଵRQWKHVHFRQGDU\RIܮௌWRGLVVLSDWHWKHUHVHWHQHUJ\7KHWUDQVIHUUHGSRZHUFDQEHGHWHUPLQHG IURP D PHDVXUHPHQW RI WKH 506 YROWDJH ோܸெௌDFURVVWKHUHVLVWRUE\
 ோܸெௌ ൌ ඥ ்ܹܴଵ 
,9 (;3(5,0(17$/5(68/76
$ ([SHULPHQWDO6HW8S
7KHWHVWVDUHSHUIRUPHGXVLQJWKHH[SHULPHQWDOVHWXSVKRZQ
LQ)LJ7KHWHVWSURFHGXUHLVDXWRPDWHGLQRUGHUWRIDFLOLWDWH
IDVWDQGDFFXUDWHPHDVXUHPHQWRILPSRUWDQWFLUFXLWSDUDPHWHUV
,QLWLDOO\WKHLQSXWYROWDJHDQGWKHGXW\UDWLRIRUWKH3:0JDWH
GULYLQJVLJQDOVDUHVHWPDQXDOO\$0$7/$%VFULSWFRQWUROVD
VLJQDOJHQHUDWRUWRVZHHSWKHWLPLQJRIWKH6JDWHFLUFXLWIURP
QVWRQV2YHUWKHVZHHSRVFLOORVFRSHZDYHIRUPVRIWKH
IROORZLQJ SDUDPHWHUV DUH FROOHFWHG LQSXW YROWDJH VQXEEHU
LQGXFWDQFHFXUUHQWWLPLQJUHIHUHQFHYROWDJHDQGRXWSXWFXUUHQW
7KHGDWDLVDFTXLUHGE\WKHRVFLOORVFRSHDWDVXIILFLHQWO\KLJK
VDPSOLQJ IUHTXHQF\ DQG VWUHDPHG WR WKH 0$7/$% 3& YLD
86% $IWHU WKH DFTXLVLWLRQ WKH ZDYHIRUP GDWD LV XVHG WR
FDOFXODWHWKHSHDNVQXEEHULQGXFWRUFXUUHQWDQGWKH506UHVHW
YROWDJH9UHVHW

9UHVHW
3:0
FRQWUROOHU

9UHVHWVHWSRLQW
95$,/
9UHVHWHUURU
Ȉ
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75
9UHVHW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This work is licensed under a Creative Commons Attribution 3.0 License. For more information, see http://creativecommons.org/licenses/by/3.0/.
This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TPEL.2017.2773459, IEEE
Transactions on Power Electronics
73(/5HJ 
)LJ([SHULPHQWDOVHWXS
% ,QLWLDO([SHULPHQWDO9DOLGDWLRQRI&LUFXLW%HKDYLRU
7KH IROORZLQJ ILJXUHV SUHVHQW RVFLOORVFRSH WUDFHV RI WKH
FXUUHQWPHDVXUHGDWWKHGUDLQRIWKH65026)(76IURP)LJ
GXULQJWKH6RQ6RIIVZLWFKLQJWUDQVLWLRQ)LJSUHVHQWV
RVFLOORVFRSH WUDFHV RI WKH 65 026)(7 GUDLQ FXUUHQW
ZDYHIRUPVIRUWKHFLUFXLWLQ)LJ7KUHHSURILOHVDUHVKRZQ
HDFKZLWKGLIIHUHQWWLPLQJRIWKHGHYLFHWXUQRII)ROORZLQJWKH
GLVFXVVLRQVRXWOLQHGLQ)LJWUDFHVDUHSUHVHQWHGZKHUHWKHUH
LVORZJDWHVLJQDORYHUODSFDXVLQJWKHLQWULQVLFGLRGHRIWKH6-
026)(7WRFRQGXFWSDUWLDOORDGFXUUHQWݐ௨ QVRSWLPXPJDWH VLJQDO RYHUODS OHDGLQJ WR FRPSOHWH GLRGH GHDFWLYDWLRQ
ݐ௢ QV DQG H[FHVVLYH RYHUODS OHDGLQJ WR VKRRWWKURXJKݐ௢ QV$UHGXFHGVXSSO\YROWDJHRI9ZDVXVHGWRPDNHDODWHU
FRPSDULVRQ ZLWK RSHUDWLRQ ZLWK WKH VQXEEHU LQGXFWDQFH
UHPRYHGZKLFKZRXOGKDYHOHGWRGHYLFHGHVWUXFWLRQDWKLJKHU
YROWDJHV 7KH FXUUHQW PHDVXUHPHQWV ZHUH UHFRUGHG XVLQJ D
5RJRZVNLFRLOWRPLQLPL]HDQ\LQVHUWLRQHIIHFWVDQGWKXVRQO\
$&LQIRUPDWLRQLVFDSWXUHG,WLVQRWHGWKDWZKLOVWWKH5RJRZVNL
FRLO KDV D ORZHU QRPLQDO EDQGZLGWK 0+] WKDQ WKH +DOO
HIIHFWSUREH0+]LWVUHVSRQVHZDVREVHUYHGWREHPRUH
RVFLOODWRU\
7KH SHDN FRPPXWDWLRQ FXUUHQW PHDVXUHG )LJ YDULHV
EHWZHHQDSSUR[LPDWHO\$DQG$7KHWUHQGFRQILUPVWKDW
WRR OLWWOH RU WRR ODUJH DQ RYHUODS ZLOO UHVXOW LQ D JUHDWHU
)LJ7UDFHVIURP>@VKRZLQJWKH65GUDLQFXUUHQWGXULQJFRPPXWDWLRQ
ZLWKDVQXEEHULQGXFWRUFDSWXUHGZLWKD5RJRZVNLFRLO7KHVXSSO\YROWDJH
LV9
FRPPXWDWLRQ FXUUHQW DQG KLJKHU DVVRFLDWHG ORVV :LWKRXW D
VQXEEHULQGXFWRU)LJWKHSHDNFXUUHQWDWHDFKJDWHVLJQDO
WLPLQJVHWWLQJLVVLJQLILFDQWO\ODUJHUIRUWKHWKUHHVFHQDULRVLH
ZKHQ WKH GLRGH FRQGXFWV SDUWLDO ORDG FXUUHQW ݐ௨  QVRSWLPXPSRLQWݐ௢ QVDQGVKRRWWKURXJKݐ௢ QV$WWKH UHGXFHG RSHUDWLQJ YROWDJH WKH VZLWFKLQJ UDWH ሺ݀݅ ݀ݐ ? ሻ LV
VLJQLILFDQW DW a$ȝV DQG LV OLPLWHG E\ VWUD\ FLUFXLW
LQGXFWDQFHDQGWKHFRQGXFWLRQYROWDJHGURSRIWKHGHYLFHV$W
WKH9GHVLJQYROWDJHWKHUHVXOWDQWFXUUHQWSHDNZRXOGUHVXOW
LQGHYLFHIDLOXUH
)LJ7UDFHVIURP>@VKRZLQJWKH65GUDLQFXUUHQWGXULQJFRPPXWDWLRQ
ZLWKRXWDVQXEEHULQGXFWRUFDSWXUHGZLWKD+DOOHIIHFWFXUUHQWSUREH7KH
VXSSO\YROWDJHLV9
& )XOO\5DWHG2SHUDWLRQ
7KHFLUFXLWZDVRSHUDWHGDWDVXSSO\YROWDJHRI9DQGLWV
UDWHG SRZHU RI N: .H\ FLUFXLW ZDYHIRUPV DUH VKRZQ LQ
)LJ7KHFLUFXLWLVQDWXUDOO\FRROHG5HVXOWVZHUHUHFRUGHG
DWWKHUPDOHTXLOLEULXP7KLVZDVGHHPHGWRKDYHEHHQDWWDLQHG
ZKHQDFKDQJHLQWHPSHUDWXUHRIOHVVWKDQ&ZDVREVHUYHG
RYHUDPLQXWHLQWHUYDO)LJVKRZVDWKHUPDOLPDJHRIWKH
FLUFXLWZKHUHWKH026)(7KHDWVLQNWHPSHUDWXUHZDVUHFRUGHG
DW&LQDQDPELHQWWHPSHUDWXUHRI&
)LJ SUHVHQWV WKH FDOFXODWHG DQG PHDVXUHG SHDN
FRPPXWDWLRQ FXUUHQW IRU WKUHH RSHUDWLQJ LQSXW YROWDJHV 
DQG9DQGVLPLODURXWSXWFXUUHQWV)LJVLPLODUO\
VKRZV WKH FDOFXODWHG DQG PHDVXUHG VQXEEHU UHYHUVH FXUUHQW
FXUYHV DW WKH UDWHG 9 DQG GLIIHULQJ ORDG FXUUHQWV $
$DQG$7KHILJXUHVSORWWKHUHODWLRQVKLSEHWZHHQWKH
SHDNFXUUHQWDQGWKHWLPLQJRIWKHVZLWFKLQJRI6ZLWKUHVSHFW
WR 6 +HUH D SRVLWLYH WLPH UHIHUV WR DQ RYHUODS LQ WKH JDWH
VLJQDOV DSSOLHG WR WKH GHYLFHV $Q RSWLPDO RYHUODS
WLPLQJݐ௢௣௧ ?௢௩௘௥௟௔௣FDQEHLGHQWLILHGZKLFKUHVXOWVLQPLQLPXP
FXUUHQW$VZRXOGEHH[SHFWHGKLJKHULQSXWYROWDJHVOHDGWRDQ
LQFUHDVH LQ WKH SHDN FRPPXWDWLRQ FXUUHQW DQG ݐ௢௣௧ ?௢௩௘௥௟௔௣
UHGXFHV$WWKHSHDNFXUUHQWPLQLPXPPHDVXUHGDQGFDOFXODWHG
YDOXHV DUH FORVHO\ DOLJQHG )RU VXERSWLPDO RSHUDWLRQ WKH
H[SHULPHQWDOO\ REVHUYHG LQFUHDVH LQ SHDN FXUUHQW LV OHVV
SURQRXQFHGWKDQSUHGLFWHGE\ WKHVLPSOHPRGHOKRZHYHU WKH
SRLQWRIRSWLPDORYHUODSUHPDLQVGLVWLQFW7KHRSWLPDORYHUODS
WLPLQJLVOHVVVHQVLWLYHWRORDGFXUUHQW)LJDQGIRUDJLYHQ
LQSXW YROWDJH D IL[HG YDOXH FRXOG EH VHW EHWZHHQ QV DQG
QVDW9
2VFLOORVFRSH
.H\VLJKW
062;$0$7/$%&RQWURODQGGDWDDFTXLVLWLRQ
2VFLOORVFRSH
.H\VLJKW
'62;$
&LUFXLWXQGHUWHVW3RZHUVXSSO\
&RQWUROOHUDQGGHDG
WLPHDGMXVWPHQWFLUFXLW
'HDGWLPHUHIHUHQFH
3:06LJQDOJHQHUDWRU.H\VLJKW% 'XW\UDWLRUHIHUHQFH
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)LJ.H\FLUFXLWZDYHIRUPVGXULQJWKH6WXUQRQVZLWFKLQJWUDQVLWLRQ
FDSWXUHGDW9DQGN:RXWSXWSRZHU

)LJ7KHUPDOLPDJHRIWKHKDUGZDUHRSHUDWLQJDWLWVUDWHGRXWSXWSRZHU
DQGWKHUPDOHTXLOLEULXP>@7KH026)(7KHDWVLQNVKRZVDWHPSHUDWXUHRI
&WKHVQXEEHULQGXFWRUFRUHLV&DQGWKHDPELHQWWHPSHUDWXUHLV&
7KHKHDWVLQNLVYHUWLFDOO\PRXQWHGDQGQDWXUDOO\FRROHG
%RG\ GLRGH UHYHUVH UHFRYHU\ FXUUHQW LV GHSHQGHQW RQ WKH
IRUZDUG FXUUHQW DW FRPPXWDWLRQ WKH OHQJWK RI WLPH LW KDV
FRQGXFWHG WKLV IRUZDUG FXUUHQW WKH ݀݅Ȁ݀ݐ RI WKH UHFRYHU\
FXUUHQWDQGWKHWHPSHUDWXUH>@7KHVLPSOHPRGHOXVHG
IRU WKH FDOFXODWLRQ GRHV QRW DFFRXQW IRU WKH IRUZDUG FXUUHQW
FRQGXFWLRQWLPHDQGWHPSHUDWXUHHIIHFWV7KLVPD\EHDFDXVH
RI WKH GLVSDULW\ EHWZHHQ WKH PHDVXUHG DQG FDOFXODWHG UHVXOWV
ZKHQWKHERG\GLRGHFRQGXFWV
)LJ&DOFXODWHGVROLGDJDLQVWPHDVXUHGGRWWHGSHDNUHYHUVHVQXEEHU
FXUUHQWIRUYDU\LQJJDWHVLJQDOXQGHUODSRYHUODS5HVXOWVDWVLPLODUa$
FXUUHQWDQGYROWDJHVRI99DQG9

)LJ&DOFXODWHGVROLGDJDLQVWPHDVXUHGGRWWHGSHDNUHYHUVHVQXEEHU
FXUUHQWIRUYDU\LQJJDWHVLJQDOXQGHUODSRYHUODS5HVXOWVDWDVXSSO\YROWDJHRI
9DQGDWORDGFXUUHQWVRI$$DQG$
' &RPSDULVRQZLWK&LUFXLW8VLQJ,*%7V
)RUFRPSDULVRQDKDOIEULGJHZDVFRQVWUXFWHGXVLQJ,*%7V
ZLWK&R3DFNGLRGHV6L[,.:17>@GHYLFHVWKUHH LQ
SDUDOOHOLQWKHXSSHUDQGORZHUSRVLWLRQVRIWKHEULGJHOHJZHUH
LQVWDOOHG RQ WKH RULJLQDO WHVW FLUFXLW 3&% ZLWK WKH VQXEEHU
LQGXFWRUDQG5&VZLWFKLQJFLUFXLWLQJUHPRYHGDQGDWWDFKHGWR
WKH VDPH KHDWVLQN $V IRUFHG FRROLQJ ZRXOG EH UHTXLUHG IRU
WKHVHGHYLFHVDIDQZDVSRVLWLRQHGIDFLQJWKHFRQYHUWHUSRZHU
VWDJH7KHFLUFXLWDQGIDQSRVLWLRQVZHUHPDUNHGRXWLQRUGHUWR
HQVXUHUHSHDWDELOLW\7KH ORVVHVDWWULEXWHG WR WKH ,*%7VZHUH
HVWLPDWHG XVLQJ WKHUPDO VXSHUSRVLWLRQ >@ 7KH WKHUPDO
UHVLVWDQFHRIWKHKHDWVLQNXQGHUIRUFHGFRROLQJZDVGHWHUPLQHG
WREH&:E\PHDVXULQJLWVVWHDG\VWDWHWHPSHUDWXUHULVH
IRUDNQRZQGLVVLSDWHGORVV)LJVKRZVDSKRWRJUDSKRIWKH
,*%7FLUFXLWDQGDWKHUPDOLPDJHDW9DQGN:RXWSXW
SRZHU
7KH,*%7VZHUHRSHUDWHGDWWKHVDPHVZLWFKLQJIUHTXHQF\
RIN+]DVIRUWKH6-026)(7VDQGJDWHUHVLVWDQFHVRIȍ
DQGȍZHUHXVHGIRUWKHXSSHUDQGORZHU,*%7VLQWKHEULGJH
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OHJUHVSHFWLYHO\7KHVZLWFKLQJGHDGWLPHZDVVHWWRQV7KH
GHDG WLPH OHQJWK GRHV QRW KDYH DQ\ VLJQLILFDQW HIIHFW RQ WKH
ORVVHVKHUHDQGZDVVLPSO\VHWWRDYRLGVKRRWWKURXJK$WN:
WKHKHDWVLQNPHDVXUHG&DERYHDPELHQWZLWKIRUFHGFRROLQJ
ZKLFKHTXDWHVWRDFRPELQHGVZLWFKLQJDQGFRQGXFWLRQORVVRI
: IRU WKH SRZHU VHPLFRQGXFWRUV DQG D SRZHU VWDJH
HIILFLHQF\RI

)LJ7RS3KRWRJUDSKRIWKH,*%7KDOIEULGJHFRQVWUXFWHGXVLQJWKHVDPH
3&%DQGKHDWVLQNDVWKDWLQWKHSUHYLRXVH[SHULPHQWV>@%RWWRP7KHUPDO
LPDJH)RUFHGFRROLQJLVDSSOLHG
( 3RZHU/RVV0HDVXUHPHQWV
$FFXUDWHO\PHDVXULQJWKHORVVHVLQDFRQYHUWHUSRZHUVWDJH
LVQRQWULYLDOSDUWLFXODUO\ZKHQRSHUDWLQJDWKLJKIUHTXHQFLHV
DQGZLWKQRQVLQXVRLGDOFXUUHQWDQGYROWDJHZDYHIRUPV>@
'HWHUPLQLQJORVVLQGLUHFWO\IURPWKHGLIIHUHQFHEHWZHHQLQSXW
DQGRXWSXWSRZHUVLVVXVFHSWLEOHWRVLJQLILFDQWOHYHOVRIHUURU
)RUH[DPSOHWKH'&FXUUHQWDQGYROWDJHPHDVXUHPHQWHUURURI
DW\SLFDOSUHFLVLRQSRZHUDQDO\]HU/(01RUPDLV
SHU PHDVXUHPHQW 7KLV HTXDWHV WR D FRPELQHGXQFHUWDLQW\ RI
SHUSRZHUPHDVXUHPHQWZKHQRSHUDWLQJLQWKHIUHTXHQF\
UDQJHIURP'&WR+]7KLVHUURULQFUHDVHVZLWKIUHTXHQF\
&DORULPHWULF WHFKQLTXHV RQ WKH RWKHU KDQG HQDEOH DFFXUDWH
GLUHFWORVVPHDVXUHPHQWVZLWKVLJQLILFDQWO\JUHDWHUDFFXUDFLHV
HVSHFLDOO\ IRU KLJK HIILFLHQF\ SRZHU FRQYHUWHU DSSOLFDWLRQV
>@
$ FXVWRP FDORULPHWHU ZDV FRQVWUXFWHG IRU WKH SXUSRVHV RI
PHDVXULQJSRZHUFRQYHUWHUORVV>@7KHFLUFXLWXQGHUWHVWZDV
PRXQWHGLQVLGHDWKHUPDOO\LQVXODWHGFDORULPHWHUFKDPEHUDQG
WKH ORVV ZDV H[WUDFWHG YLD D KHDW H[FKDQJHU VXSSOLHG ZLWK D
SUHFLVHO\ FRQWUROOHG IORZ RI ZDWHU $Q DFWLYH H[WHUQDO ZDOO
DUUDQJHPHQWZDVHPSOR\HGWRPLQLPL]HKHDWOHDNDJHIURPWKH
WKHUPDOO\LQVXODWHGFKDPEHU)ROORZLQJHDFKPHDVXUHPHQWWKH
ORVVLVUHSOLFDWHGXVLQJDUHVLVWLYHKHDWVRXUFHORFDWHGDORQJVLGH
WKHWHVWFLUFXLWLQVLGHWKHFKDPEHU7KH'&SRZHUVXSSOLHGWR
WKLVFDOLEUDWLRQUHVLVWRUZDVPHDVXUHGXVLQJDSUHFLVLRQSRZHU
DQDO\]HU /(0 1RUPD  ,Q WKLV PDQQHU D GLUHFW ORVV
PHDVXUHPHQW ZDV SRVVLEOH ZLWK DQ DFFXUDF\ HVWLPDWHG WR EH
ZLWKLQ:
7KHFRQYHUWHUSRZHUVWDJHORVVHVZHUHPHDVXUHGRSHUDWLQJ
IURP D 9 VXSSO\ YROWDJH DQG LQFUHDVLQJ RXWSXW ORDGV DW
DSSUR[LPDWHO\ : LQFUHPHQWV EHWZHHQ N: DQG N:
WKURXJK DGMXVWPHQW RI WKH GXW\ F\FOH 7KH VZLWFKLQJ RYHUODS
WLPH ZDV VHW WR WKH RSWLPDO YDOXH RI QV DV GHWHUPLQHG LQ
)LJ7KHUHVXOWVRIWKHFDORULPHWULFHIILFLHQF\PHDVXUHPHQWV
DUHJLYHQLQ)LJ7KHHIILFLHQF\ߟZDVGHWHUPLQHGE\
 ߟ ൌ ௜ܹ௡ െ ௟ܹ௢௦௦௜ܹ௡ ǡ 
ZKHUH ௟ܹ௢௦௦ LV WKHPHDVXUHG ORVVDQG ௜ܹ௡ LV WKHLQSXWSRZHUPHDVXUHGXVLQJDSRZHUDQDO\]HU ௟ܹ௢௦௦ZDVFDOFXODWHGXVLQJ
 ௟ܹ௢௦௦ ൌ ௖ܹ௔௟ ൅ ்ܹሺ ?െ ߟௌெ௉ௌ 
,Q  ௖ܹ௔௟ LV WKH GLVVLSDWHG SRZHU PHDVXUHG WKURXJKFDORULPHWU\ ்ܹLVGHWHUPLQHGIURPGLVVLSDWHGH[WHUQDOO\WR WKH FDORULPHWHU DQG ߟௌெ௉ௌ LV WKH HIILFLHQF\ RI D VQXEEHULQGXFWRU UHVHW HQHUJ\ UHFRYHU\ 6036 FLUFXLW ZKLFK ZDV
DVVXPHG WR EH  7KLV ZDV YHULILHG WKURXJK IXUWKHU
FDORULPHWULF PHDVXUHPHQWV RI WKH SRZHU VWDJH ZLWK WKH
LPSOHPHQWHGGHPRQVWUDWRUUHFRYHU\6036DWWKUHHORDGSRLQWV
DVVKRZQLQ)LJ&RPSDUDEOHHIILFLHQF\ILJXUHVGHULYHGIURP
SRZHUDQDO\]HUSRZHUPHDVXUHPHQWVDWWKHVDPHWKUHHORDGVDUH
DOVR VKRZQKLJKOLJKWLQJ WKH LQDFFXUDF\RI WKLV DSSURDFK$Q
HIILFLHQF\RIZDVUHFRUGHGDWWKHUDWHGN:RXWSXWDQG
HTXDWHGWR::RIORVVLQWKHFRQYHUWHUSRZHUVWDJH
 ௖ܹ௔௟ : ்ܹ :DQGߟௌெ௉ௌ %HQFKPDUNHIILFLHQF\PHDVXUHPHQWVRIWKH,*%7YDULDQWRI
WKH FLUFXLW PHDVXUHG WKURXJK WKHUPDO VXSHUSRVLWLRQ DUH DOVR
VKRZQ LQ)LJ $W IXOO ORDG WKH6-026)(7SRZHU VWDJH
VKRZV DQ HIILFLHQF\ LPSURYHPHQW RI  ZLWK HQHUJ\
UHFRYHU\HTXDWLQJWRDUHGXFWLRQLQSRZHUVWDJHORVVHVRI:
7KH IXOO ORDGHIILFLHQF\GHWHUPLQHG WKURXJKFDORULPHWU\DV
VKRZQ LQ )LJ LV VLPLODU WR WKDW GHWHUPLQHG IURP WKHUPDO
VXSHUSRVLWLRQ >@ ,Q >@ WKH HVWLPDWHG ORVV EUHDNGRZQIRU
WKH6-026)(7SRZHU VWDJH ZDVSUHVHQWHG DQG LV VKRZQ LQ
7DEOH,,7KHVZLWFKLQJGHYLFHORVVHVZHUHGHWHUPLQHGWKURXJK
WKHUPDOVXSHUSRVLWLRQWKHUHVHWDQGFODPSFLUFXLWFRPSRQHQWV
WKURXJKHOHFWULFDOPHDVXUHPHQWDQGWKHVQXEEHULQGXFWRUORVVHV
ZHUH SHVVLPLVWLFDOO\ HVWLPDWHG E\ PRGHOOLQJ WKH VQXEEHU
LQGXFWRUYROXPH DQG LWV DYHUDJHPHDVXUHG WHPSHUDWXUHXVLQJ
ILQLWH HOHPHQW DQDO\VLV $ : GLIIHUHQFH FDQ EH REVHUYHG
EHWZHHQWKHORVVILJXUHVGHULYHGIURPWKHWZRORVVPHDVXUHPHQW
WHFKQLTXHV7KLVYDULDWLRQ LVGXH WRD FRPELQDWLRQRI IDFWRUV
WKH DFFXUDF\ RI WKH ORVV PHDVXUHPHQW WKURXJK FDORULPHWU\ LV
KLJKHUWKDQWKURXJKWKHUPDOVXSHUSRVLWLRQWKHPLQRUORVVHVLQ
WKH DX[LOLDU\ FRPSRQHQWV ZHUH GLIILFXOW WR DVVHVV HOHFWULFDOO\
DQGIRUWKHFDORULPHWULFORVVPHDVXUHPHQWWKHJDWHUHVLVWDQFH
IRUWKHXSSHUGHYLFHVLQWKHEULGJHOHJZHUHLQFUHDVHGWR
OHDGLQJWRLQHYLWDEO\KLJKHUVZLWFKLQJORVVHV
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'HYLFH /RVV:
6ZLWFKHV66 
5HVHWFLUFXLWGLRGH' 
5HVHWFLUFXLWGXPSUHVLVWRU5 
6QXEEHULQGXFWRU/V 
2YHUYROWDJHFODPSUHVLVWRU5 
2YHUYROWDJHFODPSUHVLVWRU5 
7RWDO 
9 *$7(&21752/',6&866,21
7KH H[SHULPHQWDO UHVXOWV LQ )LJ DQG )LJ LQGLFDWH D
IL[HGJDWHVLJQDORYHUODSWLPLQJPD\EHVXLWDEOHIRUPDMRULW\RI
WKH ZRUNLQJ HQYHORSH 7KHVH UHVXOWV DOVR VKRZ WKDW WKH
SURSRVHG VFKHPH LV UREXVW LQ WHUPV RI XQGHUODS DQG RYHUODS
GHOD\DVWKHVHQVLWLYLW\RIWKHSHDNVKRRWWKURXJKFXUUHQWWRWKLV
GHOD\LVORZ7KLVRYHUODSFDQEHGHWHUPLQHGIURPEDVHG
RQQRPLQDOYDOXHVRIRSHUDWLQJYROWDJHDQGORDGFXUUHQW6HWWLQJ
DIL[HGRYHUODSWLPLQJZLOOOHDGWRDVPDOOLQFUHDVHLQSRZHU
VWDJH ORVVHV FRPSDUHG WR RSWLPL]LQJ WKH JDWH VLJQDO RYHUODS
WLPLQJ WR WKH ORDG FRQGLWLRQ 7KH FKRLFH RI WKH RSHUDWLQJ
FRQGLWLRQV XVHG WR GHILQH D IL[HG RYHUODS WLPLQJ ZLOO EH
GHSHQGHQWRQWKHILQDORSHUDWLQJGXW\F\FOHRIWKHSRZHUVWDJH
)RUH[DPSOHXVLQJWKHPLQLPXPH[SHFWHGORDGFXUUHQWLQWKH
FDOFXODWLRQVDWLVILHVDOOORDGFXUUHQWFRQGLWLRQVZLWKRXWWKHULVN
RIH[FHVVLYH(0,DWOLJKWORDGVEXWDVPDOOLQFUHDVHLQWKHORVVHV
H[SHULHQFHGDWIXOOSRZHU
$IL[HGJDWHVLJQDORYHUODSWLPLQJPD\QRWEHVXLWDEOHIRUD
FRQYHUWHU RSHUDWLQJ RYHU D ODUJH UDQJH RI ORDG FXUUHQWV DQG
VXSSO\ YROWDJHV $ PRUH VRSKLVWLFDWHG FRQWUROOHU ZRXOG XVH
0(37WRWXQHWKHJDWHVLJQDOWLPLQJWRWKHRSHUDWLQJSRLQW7KH
SRZHU WKURXJKSXW RI WKH VQXEEHU LQGXFWRU SURYLGHV DQ
LQVWDQWDQHRXVPHDVXUHPHQWRI WKHSRZHU VWDJHHIILFLHQF\7R
LOOXVWUDWH D SRVVLEOH 0(37 WHFKQLTXH )LJ DQG )LJ
SUHVHQWWKHFDOFXODWHGYDULDWLRQLQWKH506YDOXHRIWKHLQGXFHG
UHVHW YROWDJH DFURVV WKH UHVLVWRU5 LQ)LJ IRU D UDQJHRI
VXSSO\YROWDJHVDQGORDGFXUUHQWV7KHUHVXOWVZHUHGHWHUPLQHG
XVLQJ WKH DQDO\VLV SUHVHQWHG LQ 6HFWLRQ ,,% 7KH JDWH VLJQDO
RYHUODSWLPLQJZRXOGEHDGMXVWHGWRWUDFNWKHSRLQWRIPLQLPXP
UHVHWYROWDJHFRUUHVSRQGLQJWRWKHPRVWHIILFLHQWRSHUDWLRQRI
WKHFLUFXLW
7KH GHVLJQ RI WKH VQXEEHU LQGXFWRU QHHGV FDUHIXO
FRQVLGHUDWLRQ$ORZLQGXFWDQFHOHDGVWRDKLJKHUSHDNUHYHUVH
FXUUHQW DQG JUHDWHU VHQVLWLYLW\ WR WKH JDWH FRQWURO WLPLQJ
WKHUHIRUHKLJKHUOHYHOVRIFRQWURO026)(7ORVVHVDQGSRWHQWLDO
(0, LVVXHV +RZHYHU D VPDOOHU LQGXFWRU ZRXOG EHQHILW WKH
FRQYHUWHUVL]HDQGZHLJKWDQGDORZHUUDWHGUHVHWFLUFXLW'XHWR
WKHKDUPRQLFFRQWHQWRIWKHPDJQHWL]LQJFXUUHQWWKHXVHRID
ORZSHUPHDELOLW\FRUHPDWHULDOLVNH\WRPLQLPL]LQJWKHSHDNWR
SHDNIOX[GHQVLW\H[FXUVLRQDQGWKXVWKHDVVRFLDWHG$&ORVVHV
LQ WKH FRUH PDWHULDO $ WUDGHRII WKHUHIRUH H[LVWV EHWZHHQ
PLQLPL]LQJ ZLQGLQJ ORVV DQG FKRRVLQJ D FRUH ZLWK D ORZ
SHUPHDELOLW\DQGVL]HZKHQXVHGLQGHVLJQVRSHUDWLQJDWKLJKHU
FXUUHQWV$GGLWLRQDOO\DKLJKHUWXUQVQXPEHUPD\\LHOGDPRUH
HIIHFWLYH FRXSOLQJ EHWZHHQ WKH SULPDU\ DQG UHVHW ZLQGLQJV
UHGXFLQJWKHQHHGIRUDQFLOODU\FODPSLQJFLUFXLWV
)LJ9DULDWLRQLQ506UHVHWYROWDJHDWDIL[HG$ORDGFXUUHQWDQGWKUHH
GLIIHUHQWLQSXWYROWDJHV
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3RZHU:
,*%7WKHUPDOVXSHUSRVLWLRQ
6-026)(7HIILFLHQW
6036DVVXPHGFDORULPHWU\
6-026)(7ZLWKRXWHQHUJ\
UHFRYHU\FDORULPHWU\
6-026)(7ZLWK6036
FDORULPHWU\
6-026)(7ZLWK6036
SRZHUDQDO\]HU
)LJ&DORULPHWULFPHDVXUHPHQWVRI6-026)(7FRQYHUWHUSRZHUVWDJHHIILFLHQF\ZLWKWKHVQXEEHULQGXFWRUUHVHWHQHUJ\UHFRYHU\6036ZLWKRXWHQHUJ\
UHFRYHU\DQGFDOFXODWHGHIILFLHQF\DVVXPLQJDHIILFLHQW6036LVLPSOHPHQWHG7KHUPDOVXSHUSRVLWLRQPHDVXUHPHQWVRIWKH,*%7SRZHUVWDJHHIILFLHQF\
DQGSRZHUDQDO\]HUHIILFLHQF\PHDVXUHPHQWVRIWKH6-026)(7SRZHUVWDJHZLWKWKHHQHUJ\UHFRYHU\6036LQVWDOOHGDUHDOVRVKRZQ
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
)LJ9DULDWLRQLQ506UHVHWYROWDJHDWDIL[HG9LQSXWYROWDJHDQG
WKUHHGLIIHUHQWORDGFXUUHQWV
9, &21&/86,21
7KHSDSHUKDVSUHVHQWHGDQDSSURDFKIRUDFKLHYLQJYHU\KLJK
FRQYHUWHU HIILFLHQFLHV DW WKH RSHUDWLQJ YROWDJHV DQG SRZHUV
IRXQG LQ DSSOLFDWLRQV VXFK DV GRPHVWLF UHQHZDEOH HQHUJ\
V\VWHPV DQG HOHFWULF YHKLFOHV ZKHUH HIILFLHQF\ RI SRZHU
FRQYHUVLRQLVSDUDPRXQW'&'&FRQYHUVLRQH[FOXGLQJ
WKHLQSXWFDSDFLWRUEDQNRXWSXW/&ILOWHUDQGJDWHGULYHUVKDV
EHHQGHPRQVWUDWHGYHULILHGWKURXJKFDORULPHWU\DQGDVVHVVHG
EHWZHHQDQGN:RXWSXWWRHYDOXDWHWKHFRQFHSWVSUHVHQWHG
LQWKLVSDSHU+LJKHIILFLHQFLHVKDYHEHHQDWWDLQHGE\H[SORLWLQJ
WKHEHQHILFLDOFRQGXFWLRQORVVFKDUDFWHULVWLFVRI6-026)(7V
ZKLOVW RYHUFRPLQJ WKHLU DGYHUVH VZLWFKLQJ FKDUDFWHULVWLFV DW
KLJKYROWDJH
7KURXJKWKHXVHRIDVQXEEHULQGXFWRUDQGJDWHVLJQDORYHUODS
RSWLPL]DWLRQ 6- 026)(7V KDYH EHHQ VKRZQ WR RIIHU DQ
DWWUDFWLYHDOWHUQDWLYHWR,*%7VDQGZLGHEDQGJDSGHYLFHVDWWKLV
YROWDJHDQGSRZHUOHYHO,QFRQYHUWHUVRSHUDWLQJRYHUDQDUURZ
UDQJHRIORDGFXUUHQWVDQGRSHUDWLQJSRZHUVDIL[HGRYHUODSKDV
EHHQVKRZQWRRIIHUWKHPRVWHIILFLHQWDQGUHOLDEOHWHFKQLTXHWR
DFKLHYH YHU\ KLJK HIILFLHQFLHV +RZHYHU LI WKH UDQJH RI
RSHUDWLQJ ORDG FXUUHQWV LV ODUJH D 0(37 VWUDWHJ\ PD\ RIIHU
LPSRUWDQW V\VWHPOHYHO EHQHILWV DOWKRXJK DGGLWLRQDO FRQWURO
FLUFXLWU\ZRXOGEHUHTXLUHG$ORVVYVGXW\IXQFWLRQKDVEHHQ
H[SHULPHQWDOO\ GHWHUPLQHG WKDW FDQ EH XVHG WR GHWHUPLQH
VZLWFKLQJGHOD\WLPHVLQDV\VWHPZLWK0(37
&RPSDUHG WR DQ HTXLYDOHQW ,*%7 EDVHG SRZHU VWDJH WKH
SURSRVHG 6- 026)(7 EDVHG FLUFXLW KDV UHVXOWHG LQ D ORVV
UHGXFWLRQ RI DSSUR[LPDWHO\  $V D UHVXOW WKH KHDWVLQN
UHTXLUHG IRU WKH 6- 026)(7V FLUFXLW ZRXOG EH FRQVLGHUDEO\
VPDOOHUDQGOHDGVWRDFRPSDFWFRQYHUWHUZKLFKFDQEHFRROHG
WKURXJKQDWXUDOFRQYHFWLRQ)RUH[DPSOHLIWKH,*%7YDULDQWRI
WKH SRZHU VWDJH ZDV UHTXLUHG WR RSHUDWH XQGHU QDWXUDO
FRQYHFWLRQ LQFUHDVHG FRQYHUWHU FRVW DQG YROXPH ZRXOG EH
H[SHULHQFHGOHDGLQJWRDVLJQLILFDQWJUDYLPHWULFSRZHUGHQVLW\
GHFUHDVH N:NJ IRU WKH 6- 026)(7 FRQYHUWHU SRZHU
VWDJHDQGN:NJIRUWKH,*%7EDVHGSRZHUVWDJHDVVXPLQJ
N:RSHUDWLRQDQGDVXLWDEO\VL]HGKHDWVLQNZHUHLPSOHPHQWHG
LQHDFKFDVH$OWHUQDWLYHO\WKHDSSOLFDWLRQRI IRUFHGFRROLQJ
PHWKRGV OHDG WR JUHDWHU V\VWHP ORVVHV FRVW FRPSOH[LW\ DQG
YROXPH
9,, 5()(5(1&(6
>@ $&ODXGLR0&RWRURJHDDQG-0DFHGRQLR³&RPSDUDWLYHDQDO\VLV
RI 6-026)(7 DQG FRQYHQWLRQDO 026)(7 E\ HOHFWULFDO
PHDVXUHPHQWV´7HFKQLFDO 3URFHHGLQJV ,((( ,QW3RZHU(OHFWURQ
&RQJU*XDGDODMDUD0H[LFRSS2FW
>@ *'HER\10DU]-36WHQJO+6WUDFN-7LKDQ\LDQG+:HEHU
³$QHZJHQHUDWLRQRIKLJKYROWDJH026)(7
VEUHDNVWKHOLPLWOLQH
RIVLOLFRQ´,('07HFK'LJ6DQ)UDQFLVFR&$86$SS±

>@ //RUHQ]*'HER\$.QDSSDQG00DU]³&22/02670DQHZ
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DXWRPDWLRQDQGFRQWUROHQJLQHHULQJIURP
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ZDVRQWKHWRSLFRISRZHUHOHFWURQLFVIRU
HQHUJ\KDUYHVWLQJ)ROORZLQJKLV3K'KH
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DQG
 UHVSHFWLYHO\ +H LV FXUUHQWO\ D
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